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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a mirror plane to be formed by 
cleavage by a method, wherein an InGaN layer is formed on the specific 
surface of a sapphire substrate, and then gallium nitride or indium nitride 
or aluminum nitride or their mixed crystal is grown. 
SOLUTION: An InxGal-xN layer 102 (0.894<x<l) formed on the surface 
of a sapphire substrate 101 which is a (0001) plane or a plane inclined to 
form an angle of 5° or less with a (0001) plane and gallium nitride or 
indium nitride or aluminum nitride or their mixed crystal formed thereon 
are provided. At this point, the InxGal-xN layer 102 is grown at a 
temperature of 400 or higher to 600°C or lower. The cleavage planes of 
high-temperature growth epitaxial layers 103 to 1 1 1 are parallel with that 
of the substrate 101. Therefore, the mirror plane of a resonator can be 
formed by cleaving the substrate 101, so that a complicated process such 
as a dry etching process can be dispensed with, and the mirror plane is superior in smoothness. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the crystal growth approach for forming the gallium nitride 
system compound semiconductor layer and this a substrate and whose cleavage plane correspond on silicon on sapphire 
about the crystal growth approach of gallium nitride, indium nitride, alumimiura nitride, or those mixed crystal 
(following only nitride system compound semiconductor). Moreover, this invention relates to the gallium nitride 
system light emitting device which can form a mirror plane according to a cleavage especially about the light emitting 
device (following only gallium nitride system light emitting device) containing at least one layer of layers of a gallium 
nitride system compound semiconductor. 
[0002] 

[Description of the Prior Art] Compared with the conventional common compound semiconductors, such as indium 
phosphide and gallium arsenide, forbidden-band width-of-face energy of gallium nitride is large. Therefore, since a 
gallium nitride system compound semiconductor is green, the application to the light emitting device applied to 
ultraviolet, especially semiconductor laser (following only laser) is expected. 

[0003] Conventionally the gallium nitride which is a typical gallium nitride system compound semiconductor 
Generally a field (1 1-20) (following Ath page) or (0001) a field (following C side) on the silicon on sapphire used as a 
front face by the organic metal chemical-vapor-deposition method After forming a gallium nitride low dental-curing 
length buffer layer at the temperature of about 500 degrees C Or after forming an alumimium nitride low dental-curing 
length buffer layer at the temperature of about 600 degrees C, the two-step grown method of forming a gallium nitride 
elevated-temperature growth epitaxial layer at the temperature of about 1000 degrees C was used. The low dental- 
curing length buffer layer of gallium nitride or alumimium nitride is formed in order to absorb the big lattice constant 
difference and coefficient-of-thermal-expansion difference which exist between gallium nitride and silicon on sapphire. 

[0004 J The [1000] shaft (following a-axis) lattice constant gallium nitride, alumimium nitride, indium nitride, and near 
the ordinary temperature of sapphire, respectively aGaN =3.1892A, They are aAlN =3.1 1 A, aInN =3. 54 A, and asap 
=4.785A. The coefficients of tfiermal expansion of a shaft orientations are deltaaGaN/aGaN =5.59xlO-6K-l, 
deltaaAlN/aAlN =4.49xlO-6K-l, deltaalnN/aInN =3.75xlO-6K-l, and deltaasap/asap =7.5xlO-6K-l, respectively. 
Moreover, the coefficients of thermal expansion of the direction of [0001] shafts (following c axis) gallium nitride, 
alumimium nitride, indium nitride, and near the ordinary temperature of sapphire are deltacGaN/cGaN =3.17xl0-6K-l, 
deltacAlN/cAIN =1.92xlO-6K-l, deltacInN/cInN =2.85xlO-6K-l, and deltacsap/csap =8.5xlO-6K-l, respectively. 
[0005] Drawing 5 is the outline sectional view of the typical gallium nitride system laser formed on C side silicon on 
sapphire by the crystal growth approach of the above conventional techniques (S. Nakamura et al., Jpn.J.Appl.Phys.35 
(1996) L74). 

[0006] In drawing 5 this gallium nitride system laser On the silicon on sapphire LO l used as a front face, C side n mold 
InO. 1 GaO.9 with a thickness of 0. 1 micrometers by which a gallium nitride low dental-curing length buffer layer [ of 
undoping with a thickness / 300A / of with a growth temperature of 550 degrees C / 502 ], n mold gallium nitr ide 
contact layer 103 with a thickness of 3 micrometers by which silicon was added, and silTcon were added T he N layer 
10?, the n mold aliiminumO 15GaQ 85N cla dding layer 105 with a thickness of 0.4 micrometers by which silicon was 
added, n mold gallium nitride lightguide layer 106 with a thickness of 0. 1 micrometers by which silicon was added, and 
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InO.2 GaO.8 of undoping with a thickness of 25 A T he multiplex quantum well structure barrier layer 107 of 26 peri ods 
whichc onsist of N quantum well layers and InO 05Ga0.95N barrier layer s^ of undoping with a thickness of 50A , Thej» 
rnoig'aKm5nu m 0.2 with a thickness o f 200A with which magnesium was added GaO,8 The N layer 108, p mo ld 
gall ium nitride lightguide laver JilQ with a thickness of 0. 1 micrometers by which magnesium was added, the 
lTQJj Ga0.85N cladding layer 11 0 with a thickness of 0.4 micrometers by which magnesium was adBed of p molds, p 
mold gallium nitride contact layer 1 1 1 with a thickness of 0.5 micrometers by which magnesium was added. The n 
electrode 1 13 which consists of the p electrode 1 12, titanium (the 1st layer), and aluminum (the 2nd layer) which 
consist of nickel (the 1st layer) and gold (the 2nd layer) is formed. Formation of the semiconducting crystal layers 502, 

103, 104, 105, 106, 107, 108, 109, 110, and 111 was performed by the organic metal chemical-vapor-deposition 
method. 

[0007] Drawing 6 is the outline sectional view of the typical gallium nitride system laser too formed on Ath page 
silicon on sapphire by the crystal growth approach of the above-mentioned conventional technique (S. Nakamura et al,, 
Jpn.J.Appl.Phys.35(1996) L217). In drawing 6 this gallium nitride system laser On the silicon on sapphire 601 used as 
a front face, the Ath page n mold InO.l GaO.9 with a thickness of 0.1 micrometers by which a gallium nitride low 
dental-curing length buffer layerj of undoping with a thickness / 5 00 A / of with a growth temperature of 550 degrees 
C /,^02J^ n mold gallium nitride contact layer 1 03 with a thickness of 3 micrometers by which silicon was added, and. 
silicon were added The N layer 10 4, the n mold aluminumO.12GaO.88N cladding layer 605 with a thickness of 0.4 
micrometers by which silicon was added, n mold gallium nitride lightguide layer 10 6 with a thickness of 0. 1 
micrometers by which silicon was added, and InO.2 GaO.8 of undoping with a thickness of 25A The multip lex quantum 
well s tructure barrier layer 6 07 of 20 peri ods which consist o f N quantum well layers and InO.05GaO.95N barrier la yers 
oTungoping with a thickness of 5 OA , TEep"mold aluminum 0.2 with a thickness of 200A with which magnesium was 
add ed GaO.8 The N layer 108, p mold gallium nitride lightguide laver 109 with a thickness of 0. 1 micrometers by 
which magnesium was added, the p mold ahiminnmO 1 5GaO 85 N cladding layer 1 10 with a thickness of 0.4 
micrometers by which magnesium was added, p mold ^llinm nitride conta ct layer 1 1 1 with a thickness of 0.5 
micrometers by which magnesium was added, T he n electrode 1 13 w hich consists of the p elertroHe 112, titanium (the 
1st layer), and aluminum (the 2nd layer) which consist of nickel (the 1st layer) and gold (the 2nd layer) is formed. 
F ormation of th e semi conducting crystal layers 502. 103. 104, 105. 106. 107, 108, 109, 110, and 111 was performe d by 
the organic metal chemical-vap or-deposition methocT 
[0008] 

[Problem(s) to be Solved by the Invention] In the gallium nitride system laser formed on C side silicon on sapphire by 
the conventional technique as shown in drawing 5 , the c axis of the elevated -temperature growth epitaxial layers 10 3, 

1 04, 105, 106, 107 , 108, 109, 1 10, and 1 1 1 beco mes vertical to a substrate front face. In thi s case, be tween silicon on 
sapp tye andti^ g rowth epitailaUayers-im-JiM. 105. 106. lQ_2JLfla ^l09. 110. an d^jlTagl^ 
la ttice constant differen ce and a coe fficient-of- thermal-ex pansion difference exis t. However, by the gallium nitride 
s ystem laser of the conventional techniqu e, si nce gallium nitride is very har d, it becomes inadequate absorbing [ of the 
lat tice constant difference by the low dental-curing length buffer laver and a coefficient-of-thermal-expansio n 
di£6e£ence ], a nd this cau ses cr ystalline badness of the elevated-temperature growth epitaxial layers 103, 104, 105, 1 06, 

^ 1 1 1 0 anrl 111 an d magnitude of a crack popsistency 
[0009] Moreover, the field (f ollowing Mth p age) u^ed as the cleava ge plane of the elevated-tem peratuLe,grawth 
epitaxiaLlaversaQ3_1.0,4.J05, 106, 1 07, 108, 109, 1 1 (L iind J-U-formed-on~C-s.ide.silicQn-on sapphire (l-100)^makes 
theMA page a nd the include angle of 30 degrees ^yh ic^LareJheJ^^^^ This is the a-axis 

lattice constant aGaN of a gallium nitride low dental-curing length buffer layer. A-axis lattice constant asap of sapphire 
It is because it is close to asap/root3. 

[0010] The physical relati onship of the atom of the silicon on sapphire and the gallium nitride (or alumimium ni tride) 
lowdgntaj-curin g lengnThnffer } H y^r in this „caj;e4fr^Bwn in drawing 4 . A pr ocess wi th ^ty p.trhing compl icated sin ce 
a res onator mirror plane cannot be formed according to the cleavage of a substrate which is represented by reactive ion 
etchin g for resonator niveau formation is fpgnirpH fnr th^ h^pr fnrmpH on cnnventionaLC side silicon on sapphire 1 01 
as shown in drawing 4 , and the smooth nature of a resonator mirror plane was not obtained. This is also die same as 
wKenaiTaluminiium nitride low dental-curing length buffer layer is adopted instead of the gallium nitride low dental- 
curing length buffer layer 502. 

[001 1] Moreover, in the gallium nitride system laser formed on conventional Ath page silicon on sapphire as shown in 
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drawing 6 , the c axis of the elevated-temperature growth epitaxial layers 102, 103, 104, 105, 106, 107, 108, 109, 110, 
and 1 1 1 becomes vertical to a substrate front face. Also in this case, a big lattice constant difference and a coefficient- 
of-thermal-expansion difference exist between silicon on sapphire and the elevated-temperature growth epitaxial layers 

102, 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 . Since gallium nitride is very hard, it becomes inadequate 
absorbing [ of the lattice constant difference by the low dental-curing length buffer layer and a coefficient-of-thennal- 
expansion difference ]. It is the cause of the crystalline badness of the elevated-temperature growth epitaxial layers 102, 

103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1, or the magnitude of a crack consistency. 

[0012] Moreover, the Mth page used as the cleavage plane of the elevated-temperature growth epitaxial layers 102, 
103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 formed on Ath page silicon on sapphire makes the include angle of 
about 2.4 degrees but correctly almost in parallel with the field (following Rth page) which is a cleavage plane of a 
substrate (1-102). Therefore, although the resonator mirror plane of the laser formed on Ath page silicon on sapphire 
601 by the crystal growth approach of this conventional technique could be formed according to the cleavage of a 
substrate, the difference in an include angle influenced and it was not able to acquire a smooth resonator mirror plane 
with sufficient repeatability. Moreover, this is also the same as when an alumimium nitride low dental-curing length 
buffer layer is adopted instead of the gallium nitride low dental-curing length buffer layer 602. 
[0013] The object of this invention offers the crystal growth approach for forming the nitride system compound 
semiconductor layer and this silicon on sapphire and whose cleavage plane correspond, the crack consistency which 
enters well at the time of the semi-conductor stratification by crystal growth is small, and the crystallinity of a semi- 
conductor layer is realizing the gallium nitride system light emitting device which can form a mirror plane according to 
a cleavage. 
[0014] 

[Means for Solving the Problem] The crystal growth approach of the nitride system compound semiconductor of this 
invention is characterized by having the process which forms an Inx Gal-x N layer (0.894<=x<l) in the front face on 
the silicon on sapphire which uses as a front face the field whose tilt angle from a field (0001) or (0001) a field is less 
than 5 degrees, and the process which grows gallium nitride, indium nitride, alumimium nitride, or those mixed crystal 
continuously. Moreover, it is characterized by growing up an Inx Gal-x N layer (0.894<=x<l) below 400 degrees C or 
more 600 degrees C. 

[0015] The process which forms an Inx Gal-x N layer (0.894<=x<l) in the front face on the silicon on sapphire which 
uses as a front face the field whose tilt angle from a field or (0001) a field is less than 5 degrees furthermore (0001) 
below 400 degrees C or more 600 degrees C, It is characterized by the process which forms an Alx Gal-x N layer 
(0<=x<l) at 400-degree-C or more temperature of 700 degrees C or less, and forming gallium nitride, indium nitride, 
alumimium nitride, or those mixed crystal continuously. 

[0016] Moreover, it is characterized by growing up a semi-conductor layer by the organic metal chemical-vapor- 
deposition method or hydride vapor growth. 

[0017] The gallium nitride system light emitting device of this invention is characterized by having the Inx Gal-x N 
layer (0.894<=x<l) formed in the front face on the silicon on sapphire which uses as a front face the field whose tilt 
angle from a field (0001) or (0001) a field is less than 5 degrees, and the gallium nitride formed on said Inx Gal-x N 
layer, indium nitride, alumimium nitride or those mixed crystal. Moreover, said Inx Gal-x N layer (0.894<=x<l) is 
characterized by growing up below 400 degrees C or more 600 degrees C. 

[0018] Furthermore, the Inx Gal-x N layer formed in the front face on the silicon on sapphire which uses as a front 
face the field whose tilt angle from a field (0001) or (0001) a field is less than 5 degrees below 400 degrees C or more 
600 degrees C (0.894<=x<l), The Alx Gal-x N layer formed on said Inx Gal-x N layer at 400-degree-C or more 
temperature of 700 degrees C or less (0<=x<l), It is characterized by having the gallium nitride formed on said Alx 
Gal-x N layer, indium nitride, alumimium nitride, or those mixed crystal. 
[0019] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained in detail with reference to a 
drawing based on an example. 

[0020] «example 1» InO.9 GaO. 1 N was adopted as a low dental-curing length buffer layer of gallium nitride system 
laser. Drawing 1 is the outline sectional view of this gallium nitride system laser. In drawing 1 , gallium nitride system 
laser on the silicon on s apphire 10 1 which uses a field (0001) as a front face InO.9 o f undoping with a thickness 
[ 300A ] of with a growth temperature of 550 degrees C GaO. 1 N lo w dental-curing length buffer layer 202, n moid 
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Rallium nitrid e c ontact layer 103 with a thickness of 3 micrometers by which silicon was added, the n mold InO. l GaO.9 
layer 104 witl iTthicknessof 0. 1 micrometers by which silicon was added, the n mold atum inymp i *)CTaU x^N 

VlaHHino lay^FTiTS with a thirlrnpQg nf 0 4 m i rmm fitpr<; hy whir.h <;ilir.nn was aHHftH The. pvnTtiplftX quantum wel l 

structure barn'eTiav t;! 107 u f 26 peiiods which consist ot n mold ^allmm nitride lishtguide layers 10 6 with a thickness 
o £p. 1 micrometers, the InO.2 GaO.8 N quantum well layers of undoping with a thickness of 25 A, an d the 
hiO.05GaO.95N barrier layers of i nd^p^^g with a thirlrnpsq of SO A hy which silicon was added. The p mold aluminum 
0.2 with a thickness of 200A with which magnesium was added GaO.8 The N layer 108. p mold gallium nitri de 
Ughtguide layer 109 with a thickness of 0.1 micrometers by which magnesium was added, the p mol d " 
aluminumO.15GaO .85N cladding layer 1 10 with a thickness of 0.4 micrometers by which magnesium was added , p 
mold g allium nitride contact layer 11 1 with a thickness of 0.5 micrometers by which magnesium was added Jhe n 
electrode 1 13 which consists of the p electrode 1 12, titanium (the 1st laye r), and aluminum (the 2nd layer) whic h 
totls ist ot nicicel (tne 1st layer) and gold (the 2nd layer) is formed , .formation ot tne semiconducting crystal layers 202, 
103, 104, 105, 106, 107, 108, 109, 110, and 111 was performed by the organic metal chemical-vapor-deposition 
method. 

[0021] The Mth page which is cleavage planes of the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 
107, 108, 109, 1 10, and 1 1 1 by the gallium nitride system laser of this example is parallel to the Mth page which is 
cleavage planes of a substrate. This is the a-axis lattice constant aGaN of hix Gal-x N (0.894 <==x<l) which is a lo w 
d ental-curing length buffer lave'^ t is the a-axis lattice constant asap of sapphire from asap/root3. It is because it is 
near. S il icon on sapphire and Inx Gal-x N in this cas e The physical relationship of the atom of a low dental-curing 
l ength buffer layer is shown in drawing 3 . Th erefore, since the laser formed on C side silicon on sapphu-e lUl"6yth e 
crystal growth approach of this conventional technique cau form a resonator mirror plane according to the cleavagej of a 

s ubstrate, its COmplir^tpH pro r ^gg Hr^r Ptrhing whinh in rnprnQontn i H hy rft . nr . tivp inn Ptrhing for rPS n nR t or niv -eau 

forma tion is unnecessary, and dramatica ll y excell 'j^^ nl f^^^^ <smnnth n^tu^ 

[0022] Furthermore by the gallium nitride system laser of this example, the c axis of the elevated-temperature growth 
epitaxial layers 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 becomes vertical to a substrate front face. In this case, 
between silicon on sapphire and the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 107, 108, 109, 
110, and 1 1 1, a big lattice constant difference and a coefficient-of-thermal-expansion difference exist. However, by the 
gallium nitride system laser of this example, InO.9 GaO. 1 N is used as a low dental-curing length buffer layer, and since 
hix Gal-x N (0 <x<l) is softer than gallium nitride, a low dental-curing length buffer layer tends to absorb the lattice 
constant difference and coefficient-of-thermal-expansion difference between a substrate and a gallium nitride system 
compound semiconductor layer. For this reason, compared with the gallium nitride system laser according [ the gallium 
nitride system laser of this example ] to the conventional technique, the crystallinity of the elevated-temperature growth 
epitaxial layers 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 and a crack consistency are improved. 
[0023] Although the low dental-curing length of the Inx Gal-x N (0.894<==x<l) layer was carried out to the silicon-on- 
sapphire side in consideration of crystallinity or a crack consistency in this example, if its attention is paid only to a 
cleavage, it is not necessary to be low dental-curing length. 

[0024] The presentation of an Inx Gal-x N buffer layer is described below about the antecedent basis specified as 
(0.894<=x<l). Lattice constant aInN of InN Lattice constant aGaN of GaN By complementing between in a straight 
line, it is the lattice constant aInGaN of Inx Gal-x N. If it asks, they are aInGaN ==x-aInN+ (1-x) and aGaN. It becomes. 

[0025] It is as follows when the grid mismatching epsilon between the substrates and epitaxial growth phases at the 
time of forming this InGaN on silicon on sapphire is searched for. 

[0026] i) - the case where M side of a substrate and M side of an epitaxial layer are in agreement ~ epsilon= (asap- 
alnGaN) / asap=epsilon 1 ** ~ epsilon[ when making the include angle whose M side of ii substrate and M side of an 
epitaxial layer to carry out are 30 degrees ] =(aInGaN-asap/root3)/(asap/root3) 

= epsilon 2 It is epsilon 1 <=epsilon2 from i and ii to carry out. When the becoming conditions are searched for, it is 
asap =4.785A. 0.894<=x It becomes. 

[0027] This specified the range of x of Inx Gal-x N as 0.894<=x<l. 

[0028] «example 2» InO.9 GaO.l N (the 1st layer) and gallium nitride (die 2nd layer) were adopted as a low dental- 
curing length buffer layer of gallium nitride system laser. Drawing 2 is the outline sectional view of this gallium nitride 
system laser. In drawing 2 , gallium nitride system laser on the silicon on sapphire 101 which uses a field (0001) as a 
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front face InO-9 of undoping with a thickness [ 300A ] of with a growth temperature of 550 degrees C The n mold InO. 1 
with a thickness of 0. 1 micrometers with which the GaO. 1 N low dental-curing length buffer layer 202, the gallium 
nitride low dental-curing length buffer layer 302 of undoping with a thickness [ 300A ] of with a growth temperature of 
550 degrees C, n mold gallium nitride contact layer 103 with a thickness of 3 micrometers by which silicon was added, 
and siUcon were added InO.2 of undoping with»a GaO.9 N layer [ 104 ], an n mold aluminumO. 15Ga0,85N cladding 
layer [ 105 ] of with a thickness of 0.4 micrometers by which silicon was added, an n mold gallium nitride lightguide 
layer [ 106 ] of with a thickness of 0.1 micrometers by which silicon was added, and a thickness of 25A GaO. 8 The 
multiplex quantum well structure barrier layer 1 07 of 26 periods which consist of N quantum well layers and 
InO.05GaO.95N barrier layers of undoping with a thickness of 50A, The p mold aluminum 0.2 with a thickness of 200A 
with which magnesium was added GaO. 8 The N layer 108, p mold gallium nitride lightguide layer 109 with a thickness 
of 0. 1 micrometers by which magnesium was added, the p mold aluminumO. 15Ga0.85N cladding layer 1 10 with a 
thickness of 0.4 micrometers by which magnesium was added, p mold gallium nitride contact layer 111 with a 
thickness of 0.5 micrometers by which magnesium was added, The n electrode 1 13 which consists of the p electrode 
112, titanium (the 1st layer), and aluminum (the 2nd layer) which consist of nickel (the 1st layer) and gold (the 2nd 
layer) is formed. Formation of the semiconducting crystal layers 202, 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 
was performed by the organic metal chemical-vapor-deposition method. 

[0029] The Mth page which is cleavage planes of the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 
107, 108, 109, 1 10, and 1 1 1 by the gallium nitride system laser of this example is parallel to the Mth page which is 
cleavage planes of a substrate. This is the a-axis lattice constant aGaN of Inx Gal-x N (0.894 <=x<l) which is the 1st 
layer of a low dental-curing length buffer layer. It is the a-axis lattice constant asap of sapphire from asap/root3. It is 
because it is near. Silicon on sapphire and Inx Gal-x N in this case The physical relationship of the atom of a low 
dental-curing length buffer layer is shown in drawing 3 . Therefore, since the laser formed on C side silicon on sapphire 
101 by the crystal growth approach of this conventional technique can form a resonator mirror plane according to the 
cleavage of a substrate, its complicated process of dry etching which is represented by reactive ion etching for 
resonator niveau formation is unnecessary, and dramatically excellent also in smooth nature. 

[0030] Furthermore, by the gallium nitride system laser of this example, the c axis of the elevated-temperature growth 
epitaxial layers 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 becomes vertical to a substrate front face. In this case, 
between silicon on sapphire and the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 107, 108, 109, 
110, and 1 1 1, a big lattice constant difference and a coefficient-of-thermal-expansion difference exist. However, by the 
gallium nitride system laser of this example, InO. 9 GaO. 1 N is used as the 1st layer of a low dental-curing length buffer 
layer, and since Inx Gal-x N (0 <x<l) is softer than gallium nitride, a low dental-curing length buffer layer tends to 
absorb the lattice constant difference and coefficient-of-thermal-expansion difference between a substrate and a gallium 
nitride system compound semiconductor layer. For this reason, compared with the gallium nitride system laser 
according [ the gallium nitride system laser of this example ] to the conventional technique, the crystallinity of the 
elevated-temperature growth epitaxial layers 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 and a crack consistency 
are improved. 

[003 1 ] Furthermore, by t he g allium nitride system la ser of this example, gallium nitride is used as the 2nd la yer of a 
low dental-curing length buffer layer. In order for this to fo rm n mold gallium nitride contact layer 1 03 which is the lst 
ta Y_^r ot an elevated-temperature growth epitaxial J a yer, when tftmperatnrpi up of the substrate is carried out to about 
iOOOj^egrees^ the reeyaporation of the indium in the InO.9 GaO.l N layer which is the 1st layer of a low d ental-curing 
l ength buffer layer can be prev ented. In addition, although gallium nitride was used aTihe znd l av^i of a l ow dental - 
^ curing length buff er layer, you may be an AlxGal-x N (0<=x<n lavej . 

, [0U32J I he crystal growth approach of the nitride system compound semiconductor of this invention is not necessar ily 

' eflfec tiye Tn the layer system shown in the example mentioned above, and is effective in the crystal growth approac h of 

' t he nitride system compound semiconductor of all layer systems . 
[9033] Moreover, t he gallium nitride system light emitting device of this invention is notj iecessarily effective in the 
l aser structure shown in the example mentioned above, and is effective in the gallium nitride system laser of a ll 
structures. Furthermore, the gallium nitride system li ght emitting device of this invention is not necessarily effective in 
laser, and is effective also in light emitti ng diode, it is becau se it is advantageous that the cleavage plane of a substr ate 

. and an elevated-temperature growth epitaxial layer is in agreement also in light emitting diode in respect of the yie ld in 
th e case of isolation etc In addi tion^ as shown in the example 2. it is not necessarv to be C side strictly, and abo ut 
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^rface side bearing of the silicon on sapphire in this invention, Jo C side, if it is less than 5-degree dip, it will be 
u ninfluential in the effectiveness of this inventi on . 
[0034] ^, 

[Effect of the Invention] As explained above, using the silicon on sapphire which uses C side as a front face_a s_a 
s ubstrate, the crystal growtK approach of the nftnde system compound semiconductor of this invention is aHoptihg Inx 
Gal-x N (0.894<=x <n as a buffer laver^ and can offer the nitride svstem compound system semi-conductor with whic h 
t he cleavage plane of a substrate and the cleaya gpt plane of a growth phasebecome parallel. M oreover, b y acting as th e 
lo w dental -curing length of InxGal-x N (0.894<==x<l), the crystallinity of an elevated-temperature growth epitaxial 
la yer and a crack consistency are also improvabl fL, 

[ODSS] Are generated_ byJurthermore having adopted I nx Gal -x N (0< x<1 X^g^alo^drntad -curing length buffer layer . 
T he problem of the reevaporation of the indium in the Inx Gal-x N low dental-curing length buffer layer at the time of 
carr ying out temperature up of the substrate, in order to form an elevated-tempp ratiirR gr owth epitaxial iaver is solvable 
by tormin g an Alx Gal -x N (0<=x<l) lay er as the 2nd layer of a low dental-curing length buffer laver. Therefore, the 
aS ove effectiveness is expectable also in the gallium nitride system li ght PTnittingHpA/irp nf thig invpntinp in which the 
semi-conductor layer was formed using the crystal growth approach of this invention. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] Especially this invention relates to the crystal growth approach for forming the gallium nitride 
system compound semiconductor layer and this a substrate and whose cleavage plane correspond on silicon on sapphire 
about the crystal growth approach of gallium nitride, indium nitride, alumimium nitride, or those mixed crystal 
(following only nitride system compound semiconductor). Moreover, this invention relates to the gallium nitride 
system light emitting device which can form a mirror plane according to a cleavage especially about the light emitting 
device (following only gallium nitride system light emitting device) containing at least one layer of layers of a gallium 
nitride system compound semiconductor. 
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PRIOR ART 



[Description of the Prior Art] Compared with the conventional common compound semiconductors, such as indium 
phosphide and gallium arsenide, forbidden-band width-of-face energy of gallium nitride is large. Therefore, since a 
gallium nitride system compound semiconductor is green, the application to the light emitting device applied to 
ultraviolet, especially semiconductor laser (following only laser) is expected. 

[0003] Conventionally the gallium nitride which is a typical gallium nitride system compound semiconductor 
Generally a field (11 -20) (following Ath page) or (0001) a field (following C side) on the silicon on sapphire used as a 
front face by the organic metal chemical-vapor-deposition method After forming a gallium nitride low dental-curing 
length buffer layer at the temperature of about 500 degrees C Or after forming an alumimium nitride low dental-curing 
length buffer layer at the temperature of about 600 degrees C, the two-step grown method of forming a gallium nitride 
elevated-temperature growth epitaxial layer at the temperature of about 1000 degrees C was used. The low dental- 
curing length buffer layer of gallium nitride or alumimium nitride is formed in order to absorb the big lattice constant 
difference and coeflFicient-of-thermal-expansion difference which exist between gallium nitride and silicon on sapphire. 

[0004] The [1000] shaft (following a-axis) lattice constant gallium nitride, alumimium nitride, indium nitride, and near 
the ordinary temperature of sapphire, respectively aGaN =3. 1892A, They are aAlN =3.1 1 A, aInN =3.54A, and asap 
=4.785A. The coefficients of thermal expansion of a shaft orientations are deltaaGaN/aGaN ==5.59xlO-6K-l, 
deltaaAlN/aAlN =4.49xlO-6K-l, deltaalnN/aInN =3.75xlO-6K-l, and deltaasap/asap =7.5xlO-6K-l, respectively. 
Moreover, the coefficients of thermal expansion of the direction of [0001] shafts (following c axis) gallium nitride, 
alumimium nitride, indium nitride, and near the ordinary temperature of sapphire are deltacGaN/cGaN =3. 17xl0-6K-l, 
deltacAlN/cAlN =1.92xlO-6K-l, deltacInN/cInN =2.85xlO-6K-l, and deltacsap/csap =8.5xlO-6K-l, respectively. 
[0005] Drawing 5 is the outline sectional view of the typical gallium nitride system laser formed on C side silicon on 
sapphire by the crystal growth approach of the above conventional techniques (S. Nakamura et al., Jpn.J.Appl.Phys.35 
(1996) L74). 

[0006] In drawing 5 this gallium nitride system laser On the silicon on sapphire 101 used as a front face, C side n mold 
InO. 1 GaO.9 with a thickness of 0. 1 micrometers by which a gallium nitride low dental-curing length buffer layer [ of 
undoping with a thickness / 3 00 A / of with a growth temperature of 550 degrees C / 502 ], n mold gallium nitride 
contact layer 103 with a thickness of 3 micrometers by which silicon was added, and silicon were added The N layer 
104, the n mold aluminumO.15GaO.85N cladding layer 105 with a thickness of 0.4 micrometers by which silicon was 
added, n mold gallium nitride lightguide layer 106 with a thickness of 0. 1 micrometers by which silicon was added, and 
InO.2 GaO.8 of undoping with a thickness of 25A The multiplex quantum well structure barrier layer 107 of 26 periods 
which consist of N quantum well layers and InO.05GaO.95N barrier layers of undoping with a thickness of 50A, The p 
mold aluminum 0.2 with a thickness of 200A with which magnesium was added GaO.8 The N layer 108, p mold 
gallium nitride lightguide layer 109 with a thickness of 0. 1 micrometers by which magnesium was added, the 
11.0.15Ga0.85N cladding layer 1 10 with a thickness of 0.4 micrometers by which magnesium was added of p molds, p 
mold gallium nitride contact layer 1 1 1 with a thickness of 0.5 micrometers by which magnesium was added. The n 
electrode 1 13 which consists of the p electrode 1 12, titanium (the 1st layer), and aluminum (the 2nd layer) which 
consist of nickel (the 1st layer) and gold (the 2nd layer) is formed. Formation of the semiconducting crystal layers 502, 
103, 104, 105, 106, 107, 108, 109, 1 10, and 11 1 was performed by the organic metal chemical-vapor-deposition 
method. 
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[0007] Drawing 6 is the outline sectional view of the typical gallium nitride system laser too formed on Ath page 
silicon on sapphire by the crystal growth approach of die above-mentioned conventional technique (S. Nakamura et al,, 
Jpn.J.AppLPhys.35(1996) L217). In drawing 6 this gallium nitride system laser On the silicon on sapphire 601 used as 
a front face, the Ath page n mold InO. 1 GaO.9 with a thickness of 0. 1 micrometers by which a gallium nitride low 
dental-curing length buffer layer [ of undoping with a thickness / 5 00 A / of with a growth temperature of 550 degrees 
C / 602 ], n mold gallium nitride contact layer 103 with a thickness of 3 micrometers by which silicon was added, and 
silicon were added The N layer 104, the n mold aluminumO.12GaO.88N cladding layer 605 with a thickness of 0.4 
micrometers by which sihcon was added, n mold gallium nitride lightguide layer 106 with a thickness of 0. 1 
micrometers by which silicon was added, and InO.2 GaO.8 of undoping with a thickness of 25A The multiplex quantum 
well structure barrier layer 607 of 20 periods which consist of N quantum well layers and InO.05GaO.95N barrier layers 
of undoping with a thickness of 50A, The p mold aluminum 0.2 with a thickness of 200A with which magnesium was 
added GaO.8 The N layer 108, p mold gallium nitride lightguide layer 109 with a thickness of 0.1 micrometers by 
which magnesium was added, the p mold aluminumO.15GaO.85N cladding layer 1 10 with a thickness of 0.4 
micrometers by which magnesium was added, p mold gallium nitride contact layer 1 1 1 with a thickness of 0.5 
micrometers by which magnesium was added. The n electrode 1 13 which consists of the p electrode 1 12, titanium (the 
1st layer), and aluminum (the 2nd layer) which consist of nickel (the 1st layer) and gold (the 2nd layer) is formed. 
Formation of the semiconducting crystal layers 502, 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 was performed by 
the organic metal chemical-vapor-deposition method. 



[Translation done.] 



http ://www4 . ipdl .ncipi . go .j p/cgi-bin/tran_web_cgi_ej j e 



10/31/05 



JP,11-008437,A [EFFECT OF THE INVENTION] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 

3 . In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 

[Effect of the Invention] As explained above, using the silicon on sapphire which uses C side as a front face as a 
substrate, the crystal growth approach of the nitride system compound semiconductor of this invention is adopting Inx 
Gal-x N (0.894<=x<l) as a buffer layer, and can offer the nitride system compound system semi-conductor with which 
the cleavage plane of a substrate and the cleavage plane of a growth phase become parallel. Moreover, by acting as the 
low dental-curing length of InxGal-xN (0.894<=x<l), the crystallinity of an elevated-temperature growth epitaxial 
layer and a crack consistency are also improvable. 

[0035] Are generated by furthermore having adopted Inx Gal-x N (0< x<l) as a low dental-curing length buffer layer. 
The problem of the reevaporation of the indium in the Inx Gal-x N low dental-curing length buffer layer at the time of 
carrying out temperature up of the substrate, in order to form an elevated-temperature growth epitaxial layer is solvable 
by forming an Alx Gal-x N (0<=x<l) layer as the 2nd layer of a low dental-curing length buffer layer. Therefore, the 
above effectiveness is expectable also in the gallium nitride system light emitting device of this invention in which the 
semi-conductor layer was formed using the crystal growth approach of this invention. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In the gallium nitride system laser formed on C side silicon on sapphire by 
the conventional technique as shown in drawing 5 , the c axis of the elevated-temperature growdi epitaxial layers 103, 
104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 becomes vertical to a substrate front face. In this case, between silicon on 
sapphire and the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 107, 108, 109, 110, and 111, a big 
lattice constant difference and a coefficient-of-thermal-expansion difference exist. However, by the gallium nitride 
system laser of the conventional technique, since gallium nitride is very hard, it becomes inadequate absorbing [ of the 
lattice constant difference by the low dental-curing length buffer layer and a coefficient-of-thermal-expansion 
difference ], and this causes crystalline badness of the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 
107, 108, 109, 110, and 111, and magnitude of a crack consistency. 

[0009] Moreover, the field (following Mth page) used as the cleavage plane of the elevated-temperature growth 
epitaxial layers 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 formed on C side silicon on sapphire (1-100) makes 
the Mth page and the include angle of 30 degrees which are the cleavage plane of silicon on sapphire. This is the a-axis 
lattice constant aGaN of a gallium nitride low dental-curing length buffer layer. A-axis lattice constant asap of sapphire 
It is because it is close to asap/root3. 

[0010] The physical relationship of the atom of the silicon on sapphire and the gallium nitride (or alumimium nitride) 
low dental-curing length buffer layer in this case is shown in drawing 4 . A process with dry etching complicated since 
a resonator mirror plane cannot be formed according to the cleavage of a substrate which is represented by reactive ion 
etching for resonator niveau formation is required for the laser formed on conventional C side silicon on sapphire 101 
as shown in drawing 4 , and the smooth nature of a resonator mirror plane was not obtained. This is also the same as 
when an alumimium nitride low dental-curing length buffer layer is adopted instead of the gallium nitride low dental- 
curing length buffer layer 502, 

[001 1] Moreover, in the gallium nitride system laser formed on conventional Ath page silicon on sapphire as shown in 
drawing 6 , the c axis of the elevated-temperature growth epitaxial layers 102, 103, 104, 105, 106, 107, 108, 109, 1 10, 
and 1 1 1 becomes vertical to a substrate front face. Also in this case, a big lattice constant difference and a coefficient- 
of-thermal-expansion difference exist between silicon on sapphire and the elevated-temperature growth epitaxial layers 

102, 103, 104, 105, 106, 107, 108, 109, 110, and 11 1. Since gallium nitride is very hard, it becomes inadequate 
absorbing [ of the lattice constant difference by the low dental -curing length buffer layer and a coefficient-of-thermal- 
expansion difference ]. It is the cause of the crystalline badness of the elevated-temperature growth epitaxial layers 102, 

103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1, or the magnitude of a crack consistency. 

[0012] Moreover, the Mth page used as the cleavage plane of the elevated-temperature growth epitaxial layers 102, 
103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 formed on Ath page silicon on sapphire makes the include angle of 
about 2.4 degrees but correctly almost in parallel with the field (following Rth page) which is a cleavage plane of a 
substrate (1-102), Therefore, although the resonator mirror plane of the laser formed on Ath page silicon on sapphire 
601 by the crystal growth approach of this conventional technique could be formed according to the cleavage of a 
substrate, the difference in an include angle influenced and it was not able to acquire a smooth resonator mirror plane 
with sufficient repeatability. Moreover, this is also the same as when an alumimium nitride low dental-curing length 
buffer layer is adopted instead of the gallium nitride low dental-curing length buffer layer 602. 
[0013] The object of this invention offers the crystal growth approach for forming the nitride system compound 
semiconductor layer and this silicon on sapphire and whose cleavage plane correspond, the crack consistency which 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 10/31/05 



JP,ll-0p8437,A [TECHNICAL PROBLEM] 



Page 2 of 2 



enters well at the time of the semi-conductor stratification by crystal growth is small, and the crystallinity of a semi- 
conductor layer is realizing the gallium nitride system light emitting device which can form a mirror plane according to 
a cleavage. 
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MEANS 



[Means for Solving the Problem] The crystal growth approach of the nitride system compound semiconductor of this 
invention is characterized by having the process which forms an Inx Gal-x N layer (0.894<=x<l) in the front face on 
the silicon on sapphire which uses as a front face the field whose tilt angle from a field (0001) or (0001) a field is less 
than 5 degrees, and the process which grows gallium nitride, indium nitride, alumimium nitride, or those mixed crystal 
continuously. Moreover, it is characterized by growing up an Inx Gal-x N layer (0.894<=x<l) below 400 degrees C or 
more 600 degrees C. 

[0015] The process which forms an Inx Gal-x N layer (0.894<=x<l) in the front face on the silicon on sapphire which 
uses as a front face the field whose tilt angle from a field or (0001) a field is less than 5 degrees furthermore (0001) 
below 400 degrees C or more 600 degrees C, It is characterized by the process which forms an Alx Gal-x N layer 
(0<=x<l) at 400-degree-C or more temperature of 700 degrees C or less, and forming gallium nitride, indium nitride, 
alumimium nitride, or those mixed crystal continuously. 

[0016] Moreover, it is characterized by growing up a semi-conductor layer by the organic metal chemical-vapor- 
deposition method or hydride vapor growth. 

[0017] The gallium nitride system light emitting device of this invention is characterized by having the Inx Gal-x N 
layer (0.894<=x<l) formed in the front face on the sihcon on sapphire which uses as a front face the field whose tilt 
angle from a field (0001) or (0001) a field is less than 5 degrees, and the gallium nitride formed on said Inx Gal-x N 
layer, indium nitride, alumimium nitride or those mixed crystal. Moreover, said Inx Gal-x N layer (0.894<=x<l) is 
characterized by growing up below 400 degrees C or more 600 degrees C. 

[0018] Furthermore, the Inx Gal-x N layer formed in the front face on the silicon on sapphire which uses as a front 
face the field whose tilt angle from a field (0001) or (0001) a field is less than 5 degrees below 400 degrees C or more 
600 degrees C (0.894<=x<l), The Alx Gal-x N layer formed on said Inx Gal-x N layer at 400-degree-C or more 
temperature of 700 degrees C or less (0<=x<l), It is characterized by having the gallium nitride formed on said Alx 
Gal-x N layer, indium nitride, alumimium nitride, or those mixed crystal. 
[0019] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained in detail with reference to a 
drawing based on an example. 

[0020] «example 1» InO.9 GaO.l N was adopted as a low dental-curing length buffer layer of gallium nitride system 
laser. Drawing 1 is the outline sectional view of this gallium nitride system laser. In drawing 1 , gallium nitride system 
laser on the silicon on sapphire 101 which uses a field (0001) as a front face InO.9 of undoping with a thickness 
[ 300A ] of with a growth temperature of 550 degrees C GaO. 1 N low dental-curing length buffer layer 202, n mold 
gallium nitride contact layer 103 with a thickness of 3 micrometers by which silicon was added, the n mold InO.l GaO.9 
N layer 104 with a thickness of 0. 1 micrometers by which silicon was added, the n mold aluminumO.15GaO.85N 
cladding layer 105 with a thickness of 0.4 micrometers by which silicon was added. The multiplex quantum well 
structure barrier layer 107 of 26 periods which consist of n mold gallium nitride lightguide layers 106 with a thickness 
of 0. 1 micrometers, the InO.2 GaO. 8 N quantum well layers of undoping with a thickness of 25 A, and the 
InO.05GaO.95N barrier layers of undoping with a thickness of 50A by which silicon was added, The p mold aluminum 
0.2 with a thickness of 200 A with which magnesium was added GaO.8 The N layer 108, p mold gallium nitride 
lightguide layer 109 with a thickness of 0.1 micrometers by which magnesium was added, the p mold 
aluminum0.15Ga0.85N cladding layer 1 10 with a thickness of 0.4 micrometers by which magnesium was added, p 
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mold gallium nitride contact layer 1 1 1 with a thickness of 0.5 micrometers by which magnesium was added, The n 
electrode 113 which consists of the p electrode 1 12, titanium (the 1st layer), and aluminum (the 2nd layer) which 
consist of nickel (the 1st layer) and gold (the 2nd layer) is formed. Formation of the semiconducting crystal layers 202, 
103, 104, 105, 106, 107, 108, 109, 110, and 1 1 1 was performed by the organic metal chemical-vapor-deposition 
method. 

[0021] The Mth page which is cleavage planes of the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 
107, 108, 109, 1 10, and 1 1 1 by the gallium nitride system laser of this example is parallel to the Mth page which is 
cleavage planes of a substrate. This is the a-axis lattice constant aGaN of Inx Gal-x N (0.894 <=x<l) which is a low 
dental-curing length buffer layer. It is the a-axis lattice constant asap of sapphire from asap/root3. It is because it is 
near. Silicon on sapphire and lnx Gal-x N in this case The physical relationship of the atom of a low dental-curing 
length buffer layer is shown in drawing 3 . Therefore, since the laser formed on C side silicon on sapphire 1 01 by the 
crystal growth approach of this conventional technique can form a resonator mirror plane according to the cleavage of a 
substrate, its complicated process of dry etching which is represented by reactive ion etching for resonator niveau 
formation is unnecessary, and dramatically excellent also in smooth nature, 

[0022] Furthermore by the gallium nitride system laser of this example, the c axis of the elevated-temperature growth 
epitaxial layers 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 becomes vertical to a substrate front face. In this case, 
between silicon on sapphire and the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 107, 108, 109, 
110, and 1 1 1, a big lattice constant difference and a coefficient-of-tiiermal-expansion difference exist. However, by the 
gallium nitride system laser of this example, InO.9 GaO. 1 N is used as a low dental-curing length buffer layer, and since 
Inx Gal-x N (0 <x<l) is softer than gallium nitride, a low dental-curing length buffer layer tends to absorb the lattice 
constant difference and coefficient-of-thermal-expansion difference between a substrate and a gallium nitride system 
compound semiconductor layer. For this reason, compared with the gallium nitride system laser according [ the gallium 
nitride system laser of this example ] to the conventional technique, the crystallinity of the elevated-temperature growth 
epitaxial layers 103, 104, 105, 106, 107, 108, 109, 110, and 111 and a crack consistency are improved. 
[0023] Although the low dental-curing length of the Inx Gal-x N (0,894<==x<l) layer was carried out to the silicon-on- 
sapphire side in consideration of crystallinity or a crack consistency in this example, if its attention is paid only to a 
cleavage, it is not necessary to be low dental-curing length. 

[0024] The presentation of an Inx Gal-x N buffer layer is described below about the antecedent basis specified as 
(0.894<=x<l). Lattice constant aInN of InN Lattice constant aGaN of GaN By complementing between in a straight 
line, it is the lattice constant aInGaN of Inx Gal-x N. If it asks, they are aInGaN =x-aInN+ (1-x) and aGaN. It becomes, 

[0025] It is as follows when the grid mismatching epsilon between the substrates and epitaxial growth phases at the 
time of forming this InGaN on silicon on sapphire is searched for. 

[0026] i) ~ the case where M side of a substrate and M side of an epitaxial layer are in agreement - epsilon= (asap- 
alnGaN) / asap=epsilon 1 ** -- epsilon[ when making the include angle whose M side of ii substrate and M side of an 
epitaxial layer to carry out are 30 degrees ] =(aInGaN-asap/root3)/(asap/root3) 

= epsilon 2 It is epsilon 1 <=epsilon2 from i and ii to carry out. When the becoming conditions are searched for, it is 
asap =4.785A. 0.894<=x It becomes. 

[0027] This specified the range of x of Inx Gal-x N as 0,894<=x<l. 

[0028] «example 2» InO.9 GaO.l N (the 1st layer) and gallium nitride (the 2nd layer) were adopted as a low dental- 
curing length buffer layer of gallium nitride system laser. Drawing 2 is the outline sectional view of this gallium nitride 
system laser. In drawing 2 , gallium nitride system laser on the silicon on sapphire 101 which uses a field (0001) as a 
front face InO.9 of undoping with a thickness [ 300A ] of with a growth temperature of 550 degrees C The n mold InO. 1 
with a thickness of 0. 1 micrometers with which the GaO, 1 N low dental -curing length buffer layer 202, the gallium 
nitride low dental-curing length buffer layer 302 of undoping with a thickness [ 300A ] of with a growth temperature of 
550 degrees C, n mold gallium nitride contact layer 103 with a thickness of 3 micrometers by which silicon was added, 
and siUcon were added In0,2 of undoping with a GaO.9 N layer [ 104 ], an n mold aluminumO.15GaO.85N cladding 
layer [ 105 ] of with a thickness of 0,4 micrometers by which silicon was added, an n mold gallium nitride lightguide 
layer [ 106 ] of with a thickness of 0.1 micrometers by which silicon was added, and a thickness of 25 A GaO. 8 The 
multiplex quantum well structure barrier layer 107 of 26 periods which consist of N quantum well layers and 
In0.05GaO,95N barrier layers of undoping with a thickness of 50A, The p mold aluminum 0.2 with a thickness of 200A 
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with which magnesium was added GaO.8 The N layer 108, p mold gallium nitride lightguide layer 109 with a thickness 
of 0.1 micrometers by which magnesium was added, the p mold aluminumO.15GaO.85N cladding layer 110 with a 
thickness of 0.4 micrometers by which magnesium was added, p mold gallium nitride contact layer 1 1 1 with a 
thickness of 0.5 micrometers by which magnesium was added, The n electrode 1 13 which consists of the p electrode 
112, titanium (the 1st layer), and aluminum (the 2nd layer) which consist of nickel (the 1st layer) and gold (the 2nd 
layer) is formed. Formation of the semiconducting crystal layers 202, 103, 104, 105, 106, 107, 108, 109, 110, and 111 
was performed by the organic metal chemical-vapor-deposition method. 

[0029] The Mth page which is cleavage planes of the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 
107, 108, 109, 1 10, and 1 1 1 by the gallium nitride system laser of this example is parallel to the Mth page which is 
cleavage'planes of a substrate. This is the a-axis lattice constant aOaN of Inx Gal-x N (0.894 <=x<l) which is the 1st 
layer of a low dental-curing length buffer layer. It is the a-axis lattice constant asap of sapphire from asap/root3. It is 
because it is near. Silicon on sapphire and Inx Gal -x N in this case The physical relationship of the atom of a low 
dental-curing length buffer layer is shown in drawing 3 . Therefore, since the laser formed on C side silicon on sapphire 
101 by the crystal growth approach of this conventional technique can form a resonator mirror plane according to the 
cleavage of a substrate, its complicated process of dry etching which is represented by reactive ion etching for 
resonator niveau formation is unnecessary, and dramatically excellent also in smooth nature. 

[0030] Furthermore, by the gallium nitride system laser of this example, the c axis of the elevated-temperature growth 
epitaxial layers 103, 104, 105, 106, 107, 108, 109, 1 10, and 1 1 1 becomes vertical to a substrate front face. In this case, 
between silicon on sapphire and the elevated-temperature growth epitaxial layers 103, 104, 105, 106, 107, 108, 109, 
1 10, and 1 1 1, a big lattice constant difference and a coefficient-of-thermal -expansion difference exist. However, by the 
gallium nitride system laser of this example, InO.9 GaO.l N is used as the 1st layer of a low dental-curing length buffer 
layer, and since Inx Gal-x N (0 <x<l) is softer than gallium nitride, a low dental-curing length buffer layer tends to 
absorb the lattice constant difference and coefficient-of-thermal-expansion difference between a substrate and a gallium 
nitride system compound semiconductor layer. For this reason, compared with the gallium nitride system laser 
according [ the gallium nitride system laser of this example ] to the conventional technique, the crystallinity of the 
elevated-temperature growth epitaxial layers 103, 104, 105, 106, 107, 108, 109, 110, and 1 1 1 and a crack consistency 
are improved. 

[003 1] Furthermore, by the gallium nitride system laser of this example, gallium nitride is used as the 2nd layer of a 
low dental-curing length buffer layer. In order for this to form n mold gallium nitride contact layer 103 which is the 1st 
layer of an elevated-temperature growth epitaxial layer, when temperature up of the substrate is carried out to about 
1000 degrees C, the reevaporation of the indium in the LiO.9 GaO;i N layer which is the 1st layer of a low dental-curing 
length buffer layer can be prevented. In addition, although gallium nitride was used as the 2nd layer of a low dental- 
curing length buffer layer, you may be an AlxGal -x N (0<=x< 1 ) layer. 

[0032] The crystal growth approach of the nitride system compound semiconductor of this invention is not necessarily 
effective in the layer system shown in the example mentioned above, and is effective in the crystal growth approach of 
the nitride system compound semiconductor of all layer systems. 

[0033] Moreover, the gallium nitride system light emitting device of this invention is not necessarily effective in the 
laser structure shown in the example mentioned above, and is effective in the gallium nitride system laser of all 
structures. Furthermore, the gallium nitride system light emitting device of this invention is not necessarily effective in 
laser, and is effective also in light emitting diode. It is because it is advantageous that the cleavage plane of a substrate 
and an elevated-temperature growth epitaxial layer is in agreement also in light emitting diode in respect of the yield in 
the case. of isolation etc. In addition, as shown in the example 2, it is not necessary to be C side strictiy, and about 
surface side bearing of the silicon on sapphire in this invention, to C side, if it is less than 5-degree dip, it will be 
uninfluential in the effectiveness of this invention. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2 . * * * * shows the word which can not b e translated . 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] In an example 1, it is the outline sectional view of the gallium nitride system laser which adopted InO.9 
GaO.l N as a low dental -curing length buffer layer. 

[Drawing 2] In an example 2, it is the outhne sectional view of the gallium nitride system laser which adopted InO.9 
GaO.l N (the 1st layer) and gallium nitride (the 2nd layer) as a low dental -curing length buffer layer. 
[Drawing 3] In an example 2, it is the mimetic diagram showing the physical relationship of the atom of the silicon on 
sapphire and the InO.9 GaO. IN low dental-curing length buffer layer at the time of adopting C side silicon on sapphire 
as a substrate, and adopting InO.9 GaO. 1 N as a low dental-curing length buffer layer. 

[Drawing 4] In the former, it is the mimetic diagram showing the physical relationship of the silicon on sapphire at the 
time of growing up the gallium nitride buffer layer which carried out low dental-curing length on C side silicon on 
sapphire, and the atom of a gallium nitride low dental-curing length buffer layer. 

[Drawing 5] In the former, it is the outhne sectional view of the gallium nitride system laser which adopted gallium 
nitride as a low dental-curing length buffer layer on C side silicon on sapphire. 

[Drawing 6] In the former, it is the outline sectional view of the gallium nitride system laser which adopted gallium 
nitride as a low dental-curing length buffer layer on Ath page silicon on sapphire. 
[Description of Notations] 

101 C Side SiUcon on Sapphire 

1 02 InO.9 GaO. 1 N Low Dental -Curing Length Buffer Layer 

1 03 N Mold InO.2 GaO.8 N Contact Layer 

104 N Mold InO. 1 GaO.9 N Layer 

1 05 N Mold AluminumO. 1 5Ga0.85N Layer 

1 06 N Mold Gallium Nitride Lightguide Layer 

107 InO.2 GaO.8 N/In0.05Ga0.95N Multiplex Quantum Well Barrier Layer 

108 P Mold AluminumO.2 GaO. 8 N Layer 

1 09 P Mold Gallium Nitride Lightguide Layer 
HOP Mold AluminumO. 1 5Ga0.85N Cladding Layer 

11 1 P Mold InO.2 GaO. 8 N Contact Layer 

1 1 2 P Electrode Which Consists of Nickel and Gold 

1 1 3 N Electrode Which Consists of Titanium and Aluminum 
202 Gallium Nitride Low Dental-Curing Length Buffer Layer 

301 Silicon-on-Sapphire Oxygen Atom 

302 Silicon-on-Sapphire A-axis Lattice Spacing 

303 Silicon-on-Sapphire A-axis Lattice Spacing / Root3 

304 Mth Page of Silicon on Sapphire 

305 InGaN Low Dental-Curing Length Buffer Layer Indium or Galhum Atom 

306 InGaN Low Dental-Curing Length Buffer Layer A-axis Lattice Spacing 
3 07 Mth Page of InGaN Low Dental-Curing Length Buffer Layer 

405 Gallium Nitride Low Dental-Curing Length Buffer Layer Gallium Atom or Nitriding ARUMINTU 
MU low dental-curing length buffer layer aluminum atom 
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406 Gallium Nitride or Alumimium Nitride Low Dental-Curing Length Buffer Layer A-axis Lattice Spacing 

407 Gallium Nitride or Mth Page of Alumimium Nitride Low Dental-Curing Length Buffer Layer 
502 Gallium Nitride Low Dental-Curing Length Buffer Layer 

601 Ath Page Silicon on Sapphire 

602 Gallium Nitride Low Dental-Curing Length Buffer Layer 
605 N Mold AluminumO. 12Ga0,88N Layer 

607 InO.2 GaO.8 N/In0.05Ga0.95N Multiplex Quantum Well Barrier Layer 
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DRAWINGS 
[Drawing 1 ] 
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[Drawing 2] 
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[Drawing 3 ] 
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